Abstract-Reliable and reproducible protocols to get healthy and well-formed callus from juvenile explants of cucumber (Cucumis sativus L.) were obtained. Seeds of Cucumis sativus L. were sterilized using 70 %, 50%, 20% and 10 % sodium hypochlorite. Seed were then sterilized with distilled water 3 times repeatedly before rinsing with 70 % ethanol. Finally seeds were rinsed again with sterilized distilled water. This sterilization technique is important to obtain aseptic seedlings. It is important to prevent seed contamination. The sterilized seeds were cultured on MS basal medium (Murashige and Skoog, 1962) . The seeds germinated after 7 days of culture with 24 hours dark photoperiod. Explants from germinated seedlings were cultured on MS medium supplemented with various concentration of Benzylaminopurine (BAP) and Napthalene Acetic Acid (NAA). Plant parts such as leaves, stems, roots and cotyledons were used as source of explants. Callus was initiated from leaves, stems, roots and cotyledons after 4 weeks of culture. The optimum medium for callus induction from leave, stem, root and cotyledon explants was MS medium supplemented with 0.5 mg/L BAP added with 1.0 mg/L NAA. The highest percentage of callus was obtained from stem explants (64.0 ± 0.50 %) followed by leave (38.5 ± 2.27%), cotyledon (13.33 ± 1.54 %) and root (10.5 ± 1.50%) explants. The least effect of the hormone concentration was when 0.5 mg/L BAP and 0.5 mg/L NAA was added to the culture medium. The percentage of the germinating explants and callus induced was below 10%.
I. INTRODUCTION
Cucumber (Cucumis sativus L.), a well -known vegetable crop of the family Cucurbitaceae, is rich in phosphorus, potassium and oxalic acid and is popularly used in salads. Its seeds can be used to produce medicine, tonic and refrigerant. The odorous principle of Cucumis sativus L. is extractable with alcohol and is used in certain bouquet perfumes [1] . A good micropropagation protocol could lower the cost of hybrid seed production, which can account for 30% of the total seedling cost. The commercial application of in vitro [3] , [4] , [5] , [6] , [7] ), leaf explants ( [8] , [9] , [7] ) and anther culture [10] . The present work describes in vitro regeneration and callus induction from , leaf, stem, root and cotyledon explants.
II. MATERIAL AND METHOD
The seeds of Cucumber (Cucumis sativus (L.), were obtained from Agriculture Nursery at Tanjung Malim, Perak, Malaysia . Seeds were rinsed under running tap water for three minutes and then rinsed twice with distilled water. Subsequently, the seed coat was removed. After that, the seeds were surface sterilized with 70%, 50%, 20%,and 10% sodium hypochloride for 5 minutes respectively followed by rinsing with sterilized distilled water for five times followed by 70% ethanol for 30 seconds. Finally, the seeds were rinsed five times with sterile distilled water. Rinsing of seeds with 70 % ethanol was done in the laminar flow ( under aseptic conditions). The sterilized seeds were then placed on MS basal medium [11] solidified with agar for germination. Culture were incubated in dark photoperiod at 26oC .Seeds were germinated after 7 days of culture. Prior to germinating, cultures were transferred to cool-white-fluorescent light room and incubated at 25+1oC with 16 hours light and 8 hours dark photoperiod.
Leaf, stem, roots and cotyledon explants excised from in vitro plantlets containing were then placed on MS medium containing 30 g/L sucrose supplemented with various concentrations of BAP (0.5 -2.0 mg/L) and NAA (0.5 -2. 0 mg/L) (Tables 1). Media was solidified with 8 gram agar and autoclaved at 121oC at psi 20 minutes. Ph of media was adjusted to 5.8 prior to autoclaving. All cultures at 25 + 1oC under white fluorescent light of 40-60 μ mol m-2 s-1 intensity for 16 hrs light /8 hrs dark photoperiod were incubated. Total number of explants in each treatment was 40. Subculturing to a new fresh medium was done after 4 weeks of cultures.
III. STATISTICAL ANALYSIS
All data obtained were statistically analyzed using Microsoft Excel. The data gathered from the experiments were analyzed according to mean percentages and analysis variance ( ANOVA) at 5% level of significance. Each treatments was replicates 3 times with 2 explants for each replicates. The experiments was conducted twice.
Establishment of an Efficient Plant Regeneration and Callus Induction in
(Cucumis sativum L.)
IV. RESULT AND DISCUSSION The employment of biotechnology in plant improvement is dependent on callus induction and subsequent plant regeneration [12] . In this study, regeneration of Cucumis sativus was successfully ontained when sterilized seeds were cultured on MS basal medium. Germination of aceptic seedlings was observed after 14 days of culture. The success in callus induction is affected predominantly by the type of explant material and the in vitro culture conditions [13] . Callus regeneration is advantageous over direct regeneration for genetic transformation, since effective selection of cells having the transgene can be achieved [14] . Callusing ability of leaves, stems, roots and cotyledons explants derived from 14-day-old in vitro seedlings. Callus of Cucumis sativus was induced on MS medium supplemented with individual treatments of different concentration of NAA + BAP (Table 1) . Data were analyzed after 2 weeks of culture and the analysis showed that callus induction frequency, callus growth rate and nature of callus were affected by the type and concentration of the plant growth regulators. Callusing occurred at the cut ends of the leaves, stems, roots and cotyledons after five days of culture initiation. Callus induction frequency and callus growth index varied between 0-100%. Generally, these parameters were higher when incorporating auxin in the medium compared to cytokinins. According to Dixon and Gonzales [15] , inclusion of an auxin will be necessary for callus growth and somewhat higher auxin concentration may be required for callus initiation. The optimun callus induction frequency was observed on MS medium fortified with NAA + BAP (1.0mg/l + 0.5 mg/l). It gave a considerable level of callus induction, resulted in 64.0 ± 0.50 % of stems, 38.5 ± 2.27 % of leaves, 10.5 ± 1.50% of roots and 13.33 ± 1.54 % of cotyledons were culture showing callusing. NAA at 1.0 mg/l showed the best callus. Several types of calli were distinguishable based on the physical appearance. Callus induced on MS medium containing NAA (0.1-1.0 mg/l) was friable and yellow in color. Development of an efficient callus culture and plant regeneration protocol for cucumber is the first step towards the application of genetic engineering to facilitate cucumber breeding strategies. Genetic transformation of this species is desirable for the development of new varieties that are resistant to biotic and abiotic stresses [16] . In this report, we have developed a callus induction protocol for cucumber. This protocol will promote the application of tissue culture technology to facilitate the genetic transformation of this species.
V. CONCLUSION
In this study, micropropagation and callus induction of Cucumis sativus L. was successfully obtained. Stem explants has been identified as the move regenerative explants for induction of callus. Studies of Cucumis sativus L clonal propagation and callus induction could also be efficiency adapted for other crops in future research. 
